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ELECTROCARDIOGRAPH DISPLAY BY
ANATOMICAL STRUCTURE

RELATED APPLICATIONS

The present application claims priority to each of U.S.
Provisional Patent Application Ser. No. 61/778,733 filed
Mar. 13, 2013 entitled ELECTROCARDIOGRAPH DIS-
PLAY BY ANATOMICAL STRUCTURE, U.S. Provisional
Patent Application Ser. No. 61/900,637 filed Nov. 6, 2013
entitled ELECTROCARDIOGRAPH DISPLAY BY ANA-
TOMICAL STRUCTURE, and U.S. Provisional Patent
Application Ser. No. 61/931,816 filed Jan. 277, 2014 entitled
ELECTROCARDIOGRAPH DISPLAY BY ANATOMI-
CAL STRUCTURE. The entire contents of each of these
applications are incorporated herein by reference in 1ts
entirety for all purposes.

TECHNICAL FIELD

The present invention relates generally to medical
devices, and specifically to an electrocardiograph display 1n
which the leads representing each of a plurality of anatomi-
cal structure are displayed 1n 1solation and in which pairs of
leads or collection of leads can be compared between two
different electrocardiograms.

BACKGROUND

An electrocardiograph (ECG) device detects and ampli-
fies tiny electrical changes on the skin caused when the heart
muscle depolarizes during each heartbeat. At rest, each heart
muscle cell has a negative charge, called the membrane
potential, across its cell membrane. Decreasing this negative
charge towards zero, via the influx of the positive cations,
Na+ and Ca++, 1s called depolarization, which activates the
mechanisms in the cell that cause 1t to contract. During each
heartbeat, a healthy heart will have an orderly progression of
a wave of depolarization that 1s triggered by the cells 1n the
sinoatrial node, spreads out through the atrium, passes
through the atrioventricular node, and then spreads all over
the ventricles. Depolarization 1s followed by repolarization,
in which the voltage returns to baseline. Depolarization and
repolarization are detected as small rises and falls in the
voltage between two electrodes placed on either side of the
heart, which can be displayed, for example, as a wavy line
either on a screen or on paper. This display reflects the
overall rhythm of the heart and also relative lack of blood
flow and heart muscle damage (e.g., 1schemia, injury, and
infarction) 1n different parts of the heart.

Usually more than two electrodes are used, and the
depolarization and repolarization waves can be detected
between any pair of electrodes. The output from each pair 1s
known as a lead. Each lead looks at the heart from a diflerent
angle. Diflerent types of electrocardiographs can be referred
to by the number of leads that are recorded, for example,
three-lead, five-lead or twelve-lead electrocardiographs. The
standard electrocardiograph used to detect 1schemia, injury,
and 1nfarction of the heart muscle 1s a twelve-lead electro-
cardiograph which uses ten electrodes (e.g., 4 limb elec-
trodes and 6 chest electrodes). In a twelve-lead electrocar-
diograph, twelve different electrical signals are recorded at
approximately the same time and typically recorded onto an
814"x11" piece of special paper creating a one-oil permanent
record electrocardiograph at a single point in time. Three
and five lead cardiograms tend to be displayed 1n continuous
mode on the screen of an appropriate monitoring device, for
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2

example, during an operation or transportation 1n an ambu-
lance, usually for the purpose of detecting disturbances of
heart rhythm. There may or may not be any permanent
record of a three or five lead electrocardiograph, depending
on the equipment used.

SUMMARY

In accordance with an aspect of the present invention, an
clectrocardiograph system 1s provided. A set of electrodes 1s
configured to detect a voltage differences between various
pairs of locations on a body of a patient. A display 1s
configured to visually represent digital signals derived from
the plurality of detected voltage differences. A display
interface 1s configured to format the digital signals for the
display, such that the leads are grouped and displayed as a
sequence ol proper subsets or groups ol the plurality of
detected voltage diflerences. Fach proper subset or lead
group represents a specific anatomical structure of a heart of
the patient.

In accordance with another aspect of the present mnven-
tion, a non-transitory computer readable medium stores
machine executable 1nstructions for displaying leads from an
clectrocardiograph. The machine executable instructions
being executable by an associated computer to perform a
method that includes selecting a set of lead signals associ-
ated with one of the inferior, anterior, lateral, and posterior
walls of the heart and displaying the selected set of lead
signals. The steps of selecting a set of lead signals and
displaying the selected set of lead signals are repeated until
respective sets of leads associated with each of the inferior,
anterior, lateral, and posterior walls of the heart have been
displayed.

In accordance with yet another aspect of the present
invention, a method 1s provided for performing an electro-
cardiograph on a patient. A set of electrodes 1s positioned on
the patient. Voltage differences measured from the set of
clectrodes are processed to provide a plurality of lead signals
representing activity of a heart of the patient. The lead
signals are selectively displayed such that proper subsets of
the plurality of lead signals, each representing an anatomical
structure of the heart, are displayed in sequence to an
operator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of an electrocardiograph
system 1n which the leads representing each of a plurality of
anatomical structure are displayed in i1solation.

FIG. 2 1s a screenshot of a display of the system 1n which
all twelve leads are displayed.

FIG. 3 1s a screenshot 1llustrating the display of the system
when only the set of leads representing the anterior wall of
the heart are displayed.

FIG. 4 1s a screenshot 1llustrating the display of the system
when only the set of leads representing the mferior wall of
the heart are displayed.

FIG. § 1s a screenshot 1llustrating the display of the system
when only the set of leads representing the lateral wall of the
heart are displayed.

FIG. 6 15 a screenshot 1llustrating the display of the system
when only the set of leads representing the posterior wall of
the heart are displayed.

FIG. 7 1s a screenshot 1llustrating a menu for switching
among sets of leads for display.

FIG. 8 1s a screenshot 1llustrating a menu for selecting a
magnifier function of the system.
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FIG. 9 1s a screenshot illustrating a magnifier function of
the system.
FIG. 10 1s a screenshot 1llustrating a flip function of the

system.

FIG. 11 1s a screenshot illustrating a rotate function of the
system.

FI1G. 12 illustrates one example of a method for perform-
ing an electrocardiograph on a patient in accordance with an
aspect of the present invention.

FIG. 13 1llustrates a first method for displaying electro-
cardiograph results of a patient.

FIG. 14 1llustrates a second method for displaying elec-
trocardiograph results of a patient.

FIG. 15 1llustrates a third method for displaying electro-
cardiograph results of a patient.

FIG. 16 1s a screenshot illustrating the display of the
system when two 12 lead electrocardiographs are displayed
in a dual pane view.

FIG. 17 1s a screenshot illustrating the display of the
system when two I lead electrocardiographs are displayed 1n
a dual pane view.

FIG. 18 1s a screenshot illustrating the display of the
system when two 1II lead electrocardiographs are displayed
in a dual pane view.

FIG. 19 1s a screenshot illustrating the display of the
system when two 111 lead electrocardiographs are displayed
in a dual pane view.

FIG. 20 1s a screenshot illustrating the display of the
system when two aVR lead electrocardiographs are dis-
played 1n a dual pane view.

FIG. 21 1s a screenshot illustrating the display of the
system when two aVL lead electrocardiographs are dis-
played 1n a dual pane view.

FIG. 22 1s a screenshot illustrating the display of the
system when two aVF lead electrocardiographs are dis-
played 1n a dual pane view.

FIG. 23 1s a screenshot illustrating the display of the
system when two V1 lead electrocardiographs are displayed
in a dual pane view.

FIG. 24 1s a screenshot illustrating the display of the
system when two V2 lead electrocardiographs are displayed
in a dual pane view.

FIG. 25 1s a screenshot illustrating the display of the
system when two V3 lead electrocardiographs are displayed
in a dual pane view.

FIG. 26 1s a screenshot illustrating the display of the
system when two V4 lead electrocardiographs are displayed
in a dual pane view.

FIG. 27 1s a screenshot illustrating the display of the
system when two V3 lead electrocardiographs are displayed
in a dual pane view.

FIG. 28 1s a screenshot illustrating the display of the
system when two V6 lead electrocardiographs are displayed
in a dual pane view.

FIG. 29 1s a screenshot illustrating the display of the
system when only the set of leads representing the inferior
wall of the heart are displayed 1n a dual pane view.

FIG. 30 1s a screenshot illustrating the display of the
system when only the set of leads representing the lateral
wall of the heart are displayed 1n a dual pane view.

FIG. 31 1s a screenshot illustrating the display of the
system when only the set of leads representing the anterior
wall of the heart are displayed 1n a dual pane view.

FIG. 32 1s a screenshot illustrating the display of the
system when only the set of leads representing the inferior
wall of the heart are displayed.
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FIG. 33 1s a screenshot illustrating the display of the
system when only the set of leads representing the lateral

wall of the heart are displayed.

FIG. 34 1s a screenshot illustrating the display of the
system when only the set of leads representing the anterior
wall of the heart are displayed.

FIG. 35 1s a screenshot illustrating the display of the
system 1n which all twelve leads are displayed with an
associated baseline.

FIG. 36 1s a schematic block diagram illustrating an
exemplary system of hardware components capable of
implementing examples of the present disclosed in FIGS.

1-35.

DETAILED DESCRIPTION

Electrocardiographs are used to diagnose heart rhythm
problems, such as atrial fibrillation, as well as myocardial
ischemia or 1injury. Electrocardiographs are obtained acutely
on any patient presenting with chest pain to a hospital
emergency department for the purpose of detecting myocar-
dial 1schemia (e.g., lack of suflicient blood flow to a part of
the heart) or injury (e.g., death of heart muscle to a part of
the heart caused by a lack of blood tlow to that part, such as
a heart attack or myocardial infarction). Currently, most
electrocardiographs 1n hospitals, particularly 1n emergency
departments, are viewed on the hard copy paper that is
produced by a twelve-lead electrocardiograph machine
hooked up to the patient. One of the critical electrocardio-
graph tracing patterns that it 1s imperative to identily imme-
diately 1s “ST Segment Elevation Myocardial Infarction
(MI).” A myocardial infarction 1s a heart attack, that 1s, a
blockage of blood flow 1n one of the coronary arteries that
results 1n the death of the segment of heart muscle served by
that artery. The reason for the time imperative 1 identifying,
this pattern 1s that the current standard of care mandates that
the patient be taken immediately to the cardiac catheteriza-
tion laboratory where a therapeutic angioplasty procedure
can take place or, assuming no contraindications, be admin-
istered thrombolytic therapy to dissolve the clot that is
blocking the coronary artery. The longer the time period
between the onset of symptoms and the opening of the
artery, the more heart muscle (imyocardium) becomes dys-
functional. The physician reading the electrocardiograph 1s
supposed to interpret 1t 1n a systematic manner, first assess-
ing the rate, then the rhythm, then several key intervals (e.g.,
PR and QRS), then the shape and direction of the T wave and
the shape and direction of the ST segment of the electro-
cardiograph. The ST segment 1s the segment of tracing that
1s located between the QRS complex and the T wave. The
presence of ST segment elevation 1n specific leads, that 1s,
a situation 1 which the ST segment 1s located above the
“baseline” of the tracing for a given lead, means that there
1s an acute myocardial infarction occurring in the part of the
heart that 1s represented by those leads. The location of the
myocardial infarction is typically indicated as one of ante-
rior (leads V1, V2, V3, and V4), lateral (leads 1, aVL, V5,
and V6), inferior (leads 2, 3, aVF, and, 1n some applications,
V1), and posterior (leads V1, V2, and, in some applications,
V3).

There are few more hectic work environments than a
hospital emergency department, and ST segment elevation
myocardial infarctions are sometimes “missed” by the inter-
preting clinician. In other words, the treating clinician does
not properly see or interpret the ST segment as being
clevated, even though on closer scrutiny 1t 1s revealed to be
clevated. A “missed MI” 1s one of the largest causes of
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malpractice settlements 1n emergency department care,
because there 1s a direct correlation between time to treat-
ment (e.g., angioplasty or thrombolytic therapy) and clinical
outcome. Any delay i diagnosis and treatment can be
translated into a worse clinical outcome for the patient.
Therefore, 1t can be found for malpractice purposes that the
harm that has accrued to the patient 1s a direct result of the
violation of a standard of care by not identifying an ST
segment elevation myocardial infarction.

The reasons that recognition of ST segment elevation 1s
missed can vary, but several contributing factors can be
identified. One reason 1s a rushed and non-systematic
approach to electrocardiograph tracing interpretation, that 1s,
a lack of mindiulness. The electrocardiograph 1s often thrust
into the hands of a busy emergency department physician by
a nurse or a technician who 1s looking to the physician to
determine if the patient 1s having an ST segment myocardial
infarction. The physician is typically already doing another
task when given the electrocardiograph to read, and so 1s
operating more 1n interrupt mode than 1n 1ntentional mode.
Further, the physician may perform more of a “gestalt” read
with a single glance at the whole electrocardiograph, with
the expectation that abnormal patterns of ST segment loca-
tion and configuration will “pop out” as something abnor-
mal. Most of the time this type of approach works, but subtle
ST segment elevation, as often occurs 1n the inferior leads,
1s typically not seen or appreciated 1n a fleeting glance and
a “missed MI” may result. Even if the physician “misses”
only one out of twenty times, or five percent of the inferior
wall myocardial infarctions presented to him or her, that 1s
simply not a good enough “batting average”, as each miss
represents a potential one hundred percent negative outcome
for that individual patient.

One of the most common types of ST segment elevation
MI’s missed by clinicians 1s an inferior wall myocardial
infarctions which 1s reflected 1n the inferior electrocardio-
graph leads 2, 3, and F. The reason for this 1s that the inferior
leads typically have lower overall voltage, retlected as a
lower total height of the QRS complex on the electrocar-
diograph, than the anterior and lateral leads. Therefore the
absolute amount of ST segment elevation, expressed 1n
millimeters, 1s smaller than the amount of ST segment
elevation that occurs 1n the anterior or lateral leads, but the
amount of ST segment elevation relative to the total height
of the QRS complex 1s no different, since the QRS complex
height 1s also smaller 1n the inferior leads. It 1s easy to miss
the subtle ST segment elevation that can occur in the inferior
leads, especially when there 1s also a rushed and non-
mindiul encounter with the electrocardiograph tracing on the
part of the physician.

To address these i1ssues, a system 1s provided for display-
ing electrocardiograph data to a user, generally a physician,
such that the data representing each of a plurality of ana-
tomical structures are presented in i1solation. In one 1mple-
mentation, the system sequentially presents to the physician
a first display containing only the anterior leads, a second
display containing only the lateral leads, a third display
containing only the inferior leads, and a fourth display
containing only the posterior leads, forcing the physician to
focus on one part of the electrocardiograph at a time.
Forcing the physician to view the electrocardiograph 1n
multiple discrete parts, in addition to performing an initial
global scan, 1s expected to create a more mindiul approach
to viewing the electrocardiograph. Specifically, the inven-
tion guides the physician through a sequence of steps that
replicate what should be being done *“virtually” in a sys-
tematic visual scan.
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In one implementation, the system also preserves a spatial
identity of each set of leads by displaying the leads 1n the
spatial configuration with which the physician 1s used to
viewing them. For example, the inferior leads 2, 3 and F are
always located within a twelve-lead electrocardiograph,
with lead two 1n a left hand part of the tracing and in the
second row, lead three 1n a left hand part of the tracing and
in the third row, and lead F 1n a second to left hand part of
the tracing and in the third row. This provides a strong
contextual cue to the physician as to which set of leads he
or she 1s currently viewing. The leads that are not part of the
group of leads being displayed are obscured. Experienced
clinicians immediately recognize this L-shaped set of three
leads 1n the lower left hand part of the electrocardiograph to
be the leads representing the inferior wall of the heart. To
further assist the review by the physician, each set of leads
can be displayed with a degree of magnification (e.g., 200%)
over their original size. This magmfication makes detection
of small absolute amounts of ST segment elevation much
more visible and better able to be appreciated. The physician
can configure the system to provide a desired degree of
magnification within specified limaits.

FIG. 1 illustrates an example of an electrocardiograph
system 10 1n which the leads representing each of a plurality
ol anatomical structure are displayed in i1solation. The sys-
tem 10 includes a set of electrodes 12 used to detect voltage
differences between various pairs of locations on a body of
a patient. It will be appreciated that the electrodes can be
positioned such that the voltage differential between each
pair of locations provides information as to the function and
structure of at least a portion of a heart of the patient. In the
illustrated implementation, a set of ten electrodes are used,
and twelve electrical signals representing respective pairs of
clectrodes, referred to herein as “leads,” are captured for
analysis.

A decision that a physician must make in addition to
whether an electrocardiograph shows an “abnormality” that
may be indicative of myocardial 1schemia or myocardial
infarction. Additionally, when an abnormality 1s identified,
the physician must determine whether that abnormality 1s
known to be new compared to the findings on a previous
clectrocardiograph if available (e.g., from one hour, one day,
one week, one month, or one year previous; typically the
most recent previous electrocardiograph is selected for com-
parison). Further, i1t 1s important to determine whether that
abnormality 1s found to have been present 1n 1dentical form
on a previously obtained electrocardiograph. This system
provides a means by which the clinician can easily compare
two electrographs by placing them side by side on the same
screen. The electrocardiographs can be compared whole on
whole, (e.g., 12 leads compared to 12 leads) compared wall
by wall (e.g., a subset of the leads, usually 3 or 4), or
compared lead by lead. The leads being compared are placed
horizontally side by side so the eye can easily scan back and
forth from left to night to left, which 1s easier and more
natural to do than up to down to up, for the purpose of
detecting differences.

An additional way to compare the same lead from a
current and a previous electrocardiograph is to assess 11 they
are different or the same (e.g., 1n terms of the configuration
of their shape) 1s to highlight one of the leads and then drag
it over the other lead 1n a superimposed manner. It the leads
fit exactly, one over the other, especially the ST segment or
the T wave, an assessment can be made that there 1s no
significant interval change between the two leads. It the
leads do not superimpose well and a difference 1n height or
width of the ST segment or T wave of the tracing 1s detected,
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then the conclusion can be made that an interval change has
occurred between the two electrocardiographs with all the
climical significance that portends. In one implementation, a
portion of the of the two leads, such as a QRS wave, can be
scaled to match one another, allowing for a normalized
comparison ol the two leads.

The signals from the electrodes 12 are provided to a
preprocessing component 14 that conditions the signal for
use by an associated display interface 16. For example, the
preprocessing component can include one or more of analog,
or digital filters, amplifiers, analog-to-digital converters, and
similar components for facilitating detection and processing
of the lead signals. The display interface 16 translates and
tormats the lead signals for display at an associated display
18. For example, the display 18 can include a printer for
providing a tracing of the electrocardiograph results on a
physical medium, a video screen for displaying the results
clectronically, or any other appropriate means for providing
the lead signals to a physician or technician in a human-
comprehensible form. In one implementation, the display 18
includes both of these elements, with a paper electrocardio-
graph scanned 1nto a viewing station comprising a computer
with an attached scanner attached.

In accordance with an aspect of the present invention, the
display interface 16 can be configured to selectively display

the leads according to their relevance to a given anatomical
structure. To this end, the leads can be divided into a
plurality of sets and displayed in sequence, 1n which each set
contains a proper subset of the plurality of leads representing
an associated anatomical structure of the heart. It will be
appreciated that, depending on the selection of represented
anatomical structures, the sets may not collectively contain
all of the recorded leads, and that a given lead may be a
member of both sets. In another implementation, the ana-
tomical structures are the inferior, lateral, anterior, and
posterior walls of the heart. In this implementation, leads
V1, V2, V3, and V4 belong to a first set representing the
anterior wall, leads 1, aVL, V5, and V6 belong to a second
set representing the lateral wall, leads V1, V2, and V3
belong to a third set representing the posterior wall, and
leads V1, 2, 3, and aVF belong to a fourth set representing
the 1nferior wall.

The purpose of sequencing the different subsets of lead
tracings 1s to enable the clinician to focus his or her complete
attention on just those leads which represent a specific wall
of the heart (e.g., inferior, anterior, lateral, posterior) and not
be distracted by having to view leads reflecting all walls
simultaneously. Furthermore, each subset of leads that rep-
resents a specific wall of the heart 1s displayed spatially as
a table 1n such a way that the configuration of the leads 1s
identical to their position on the electrocardiograph twelve
lead electrocardiograph and so the experienced clinician can
identify which wall 1s being viewed by the spatial configu-
ration of the leads.

In accordance with an aspect of the present invention,
when the sets of leads are displayed 1n sequence, less than
all of the leads are displayed to the user at a given point
within the sequence. Accordingly, each of the displayed
leads can be displayed in a magnified form, facilitating
analysis of the leads. Further tools can be provided to an
operator through an appropriate user interface to allow for
changes to the magnification, position, and orientation of the
leads within an associated display area. Accordingly, the
system not only provides a reminder to the physician to
carefully review the leads associated with each anatomical
structure, but also provides tools to facilitate review.
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In accordance with an aspect of the present invention, the
display interface 16 can be configured to selectively display
single leads either sequentially on automatic pacing, or
nonsequentially to get a more detailed look at a full screen
version of a single lead of both sets. In one implementation,
the leads I, II, III, aVR, aVL, aVE, V1, V2, V3, V4, V5 and
V6 can be viewed individually.

The tools provided to the user can also 1include the ability
to display data representing multiple electrocardiographs;
for example, by juxtapositioning or superimposing portions
of multiple electrocardiographs. In one implementation, all
or a portion of a given lead can be displayed alongside or
superimposed over an exemplar, representing an electrocar-
diograph reading of a healthy heart. In another example,
segments from different leads can be juxtaposed or over-
lapped to simplily comparison of the electrocardiograph
data across leads. For example, the additional electrocardio-
graph data can represent prior data from the same patient,
such that a treating physician can compare the data over a
period ol time.

FIGS. 2-11 are screenshots of an exemplary system in
accordance with an aspect of the present invention. In the
illustrated 1mplementation, the system i1s a twelve lead
clectrocardiograph system in which the lead signals are
digitized, either via dedicated hardware or via scanning of a
paper copy, and provided to a user on a video screen. In this
implementation, the anatomical structures are the inferior,
lateral, anterior, and posterior walls of the heart, such that
the leads are divided into four sets. To allow for a consistent
discussion across screen shots, FIGS. 2-11 share a common
numbering of display elements.

FIG. 2 1s a screenshot of a display of the system 1n which
all twelve leads are displayed. The screenshot displays a
menu bar 52 that can be interacted with by a user using an
appropriate mput device to access various features of the
program. Features can include options for switching the set
of leads currently displayed by the system, a zoom function,
a magnifier for selectively enlarging a particular portion of
the screen, a function to it the image to an interface window,
a rotate function, and a flip function. Patient information 54
1s displayed below the menu bar, which can include 1denti-
tying information, biometric parameters, and a preliminary
diagnosis. Below the patient information, the twelve leads
58-69 are displayed. Each lead 58-69 1s presented, by
default, as an associated rectangular portion of the screen,
although 1t will be appreciated that the size, position, and
orientation of the leads can be altered by the user.

FIG. 3 1s a screenshot 1llustrating the display of the system
when only the set of leads representing the anterior wall of

the heart are displayed, specifically lead V1 64, lead V2 65,
lead V3 66, and lead V4 67. It will be noted that in this
arrangement, the patient information 34 has been hidden to
increase the space available for viewing the leads. FIG. 4 1s
a screenshot 1llustrating the display of the system when only
the set of leads representing the inferior wall of the heart are
displayed, specifically lead II 59, lead III 60, lead aVF 63,
and lead V1 64. FIG. 3 1s a screenshot illustrating the display
of the system when only the set of leads representing the
lateral wall of the heart are displayed, specifically lead I 58,
lead aVL 62, lead V5 68, and lead V6 69. FIG. 6 1s a
screenshot illustrating the display of the system when only
the set of leads representing the posterior wall of the heart
are displayed, specifically lead V1 64, lead V2 65, and lead
V3 66. It will be appreciated that the screens illustrated in
FIGS. 3-6 could be displayed to a user 1n a predetermined
sequence to ensure that the leads associated with each wall
of the heart have been reviewed. Further, 1t will be appre-
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ciated that the screens illustrated 1n FIGS. 3-6 include one
possible arrangement of leads for each heart wall, and that
other arrangements are possible, for example, excluding the
V1 lead from the inferior wall set and the V3 lead from the
posterior wall set.

FIGS. 7-11 illustrate various tools for interacting with the
displayed leads. In FIG. 7, the system 1s displaying the leads
59, 60, 63, and 64 associated with the inferior wall. A first
menu 70 can be opened by the user with an appropriate input
device, for example, a computer mouse or stylus, to allow
the user to quickly change among the sets of leads repre-
senting the various heart walls. In FIG. 8, the system 1s
displaying the leads 64-66 associated with the posterior
wall. A second menu 72 can be opened by a user with the
input device to allow a magnification function of the system
to be activated. FIG. 9 shows the system with a portion 74
of lead V3 magnified. It will be appreciated that the position
and degree of this magnification 1s controllable by the user
to facilitate review of the electrocardiograph leads. In one
implementation, the user can shift a given lead or small
group of leads to a full screen view. The viewing of full
screen leads can be done manually, stepping sequentially or
non-sequentially through the leads, or the user can step
through the walls and leads automatically. The user or an
administrator has the capability to set the timing for how
long an individual wall or lead stays on the screen until it 1s
replaced by the next wall or lead 1n sequence.

In FIG. 10, the system 1s displaying the leads 64-66
associated with the posterior wall, but they have been
reversed using a thp function of the system. The flip function
can be accessed by a user with the mput device via a third
menu 76 to flip one or more selected leads, that 1s, transform
the lead such that an order of the pixels 1n each row 1s
reversed. In FIG. 11, the system 1s displaying the leads 64-66
associated with the posterior wall, but they have been rotated
ninety degrees counterclockwise by a rotation function of
the system. The rotation function can be accessed by a user
with the 1nput device via a fourth menu 78 to rotate one or
more selected leads by a desired angle.

FIG. 12 illustrates one example of a method 100 for
performing an electrocardiograph on a patient 1n accordance
with an aspect of the present invention. At 102, a set of
clectrodes 1s positioned on the patient. It will be appreciated
that the number and placement of the electrodes will vary
with the application, but 1n a twelve-lead system, ten elec-
trodes can be used, with six placed on the chest, and one on
cach limb. At 104, voltage diflerences measured from the set
ol electrodes are processed to provide a plurality of lead
signals representing activity of a heart of the patient. For
example, the signals can be filtered, amplified, and con-
verted to a digital signal to facilitate analysis ad display of
the lead signals

At 106, the lead signals are selectively displayed such that
proper subsets of the plurality of lead signals, each repre-
senting an anatomical structure of the heart, are displayed 1n
sequence to an operator. Ellectively, rather than overwhelm-
ing the operator with information, the system displays the
lead signals in manageable units, with each unit representing
an anatomical structure of the heart of interest 1n evaluating
the lead signals. In one example, each proper subset contains
the leads signals representing an associated one of the
inferior, anterior, posterior, and lateral walls of the heart.
Accordingly, the operator 1s encouraged to examine the lead
signals for each heart wall separately, allowing for a thor-
ough examination of the electrocardiograph results.

FIG. 13 illustrates a first method 150 for displaying
clectrocardiograph results to a patient. In the illustrated
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method 150, the lead signals are divided 1nto sets represent-
ing, respectively, the inferior, anterior, posterior, and lateral
walls of the heart. At 152, a next set of lead signals
representing one of the walls of the heart are selected. It will
be appreciated that an order for displaying the heart walls
can be arbitrary or selected by a supervising physician to
ensure that the heart walls most likely to exhibit abnormali-
ties are displayed at the beginning of the sequence. At 154,
the selected set of lead signals 1s displayed.

At 156, it 1s determined 11 a predetermined amount of time
has passed. For example, a default time for reviewing each
set of lead signals can be selected by a supervising physi-
cian. In one implementation, different time periods can be
selected for each set of lead signals. Until the predetermined
amount of time has passed (N), the method remains at 156
and the selected set of lead signals remains on the display.
Once the predetermined amount of time has passed (Y), the
method advances to 158, where 1t 1s determined 1t the lead
signals associated with all four heart walls have been
displayed. If not (IN), the method returns to 152 to select a
next set of lead signals. If the lead signals associated with all
four walls of the heart have been displayed (Y), the method
ends.

FIG. 14 1llustrates a second method 250 for displaying
clectrocardiograph results to a patient. As 1n the method
illustrated 1in FIG. 13, 1in the illustrated method 200 the lead
signals are divided into sets representing, respectively, the
inferior, anterior, posterior, and lateral walls of the heart. At
202, a next set of lead signals representing one of the walls
of the heart 1s selected. As described previously, an order for
displaying the heart walls can be arbitrary or selected by a
supervising physician. At 204, the selected set of lead
signals 1s displayed. At 206, 1t 1s determined 11 an input from
the user has been received. If no mput has been recerved (IN),
the method remains at 206, and the selected set of lead
signals remains on the display until an input i1s received.
Once an 1mput has been received (Y), the method advances
to 208, where it 1s determined if the sets of leads signals
associated with all four heart walls have been displayed. If
not (N), the method returns to 202 to select a next set of lead
signals. I the lead signals associated with all four walls of
the heart have been displayed (Y), the method ends.

FIG. 15 illustrates a third method 250 for displaying
clectrocardiograph results to a patient. As in the methods
illustrated 1n FIGS. 13 and 14, in the 1llustrated method 250
the lead signals are divided into sets representing, respec-
tively, the inferior, anterior, posterior, and lateral walls of the
heart. At 252, a next set of lead signals representing one of
the walls of heart are selected. As described previously, an
order for displaying the heart walls can be arbitrary or
selected by a supervising physician. At 234, the selected set
of lead signals 1s displayed. At 256, 1t 1s determined if a
predetermined amount of time has passed. For example, a
default time for reviewing each set of lead signals can be
selected by a supervising physician. In one implementation,
different time periods can be selected for each set of lead
signals. Until the predetermined amount of time has passed
(N), the method remains at 256 and the selected set of lead
signals remains on the display.

Once the predetermined amount of time has passed (Y),
the method advances to 258, where 1t 1s determined 11 an
input from the user has been received during the predeter-
mined amount of time. If no input has been received (N), the
method remains at 258, and the selected set of lead signals
remains on the display until an input is received. I an input
has been received (Y), etther during the predetermined
amount of time at 256 or subsequently, the method advances
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to 260, where 1t 1s determined it the sets of leads signals
associated with all four heart walls have been displayed. If
not (N), the method returns to 252 to select a next set of lead
signals. If the lead signals associated with all four walls of
the heart have been displayed (Y), the method ends.

Clinicians utilize electrocardiographs to i1dentify abnor-
malities that serve as indicators of a potential heart condi-
tion. Often indicators are subtle or easily overlooked due to
environmental distractions mherent to a clinical setting, or
due to time constraints. Tools that aid in 1dentifying abnor-
malities and highlighting areas of concern and then bring
them to the attention of the responsible clinician have a
potentially lifesaving impact.

The 1inventors have determined that information pertain-
ing to the nature of the abnormality can be critical to the type
ol treatment required. For example, whether that abnormal-
ity 1s known to be new compared to the findings on a
previous electrocardiograph, or whether that abnormality 1s
found to have been present in 1dentical form on a previously
obtained electrocardiograph, can be instructive to a treating
climician. The system described herein provides a means by
which the clinician can easily compare two electrocardio-
graphs by placing them side by side on the same screen. The
clectrocardiographs can be compared whole on whole, com-
pared wall by wall, or compared lead by lead.

This approach 1s particularly useful for patients with a
history of medical issues, where multiple electrocardio-
graphs may be acquired for a specific patient over time. As
described below, a variety of tools make a more detailed
comparison of two or more electrocardiographs available to
a clinician. Analytical tools implemented by the processing
components can provide a computer based data point com-
parison. Also, multiple display configurations are considered
that facilitate visual comparison by the clinician.

For example, the clinician may select one or more leads
of interest for display, the two 1mages representing a current
and a previous electrocardiograph, as shown 1n FIG. 16. The
selected leads can also be 1solated and presented for both the
current and previous electrocardiograph, as shown 1 FIGS.
17 to 28. The selected leads of the two electrocardiographs
can then be displayed side by side for ease of comparison.
As described above, only the leads associated with the
particular selection are displayed.

An exemplary method of comparison 1s performed by
placing electrographs side by side horizontally or vertically
in a dual pane view, such as a previously collected electro-
cardiograph being placed next to, above, or below a current
clectrocardiograph. As explained above, the viewer can
compare a full 12 lead electrocardiograph or tailor the
display to a specific lead or heart wall. FIG. 16 provides an
example dual pane view comparison of two complete 12
lead electrocardiographs, whereas FIGS. 17 through 28
show a side by side comparison of individual leads. FIG. 17
will be used as an example to more fully describe the dual
pane comparison feature, as implemented on selected lead 1.
As 1illustrated in FIG. 17, a display 180 provides a visual
comparison between today’s ECG 182 and last month’s
ECG 184, where the lead I has been selected by the clinician
from the list of available selections represented 1n toolbar
186. As shown 1n view selector 188, the comparison of two
distinct electrocardiographs 1s presented 1n dual pane view.
The system 1s further configured to provide various viewing
tools as shown in menu 190.

For example, the dual pane view allows for specific
portions of a lead to be magnified by the user. As described
above with respect to the magnification capability of the
system, the position and degree of the magnification can be
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controlled by the user to facilitate review of the electrocar-
diograph leads. Moreover, a user may select a single lead for
display. Thus, an individual lead will fill a single pane view
for independent analysis. A lead or multiple leads displayed
on the screen can be further manipulated, independently or
together, to aid 1n the climician’s analysis using the menu
tools, such as rotate, zoom, flip, etc.

An additional means to compare the same element from
two different electrocardiographs 1s to superimpose one
clectrocardiograph over the other electrocardiograph. In
order to assess 1f the two electrocardiographs are different or
the same 1n terms of the configuration of their shape, one of
the leads may be highlighted and then presented over the
other lead 1n a superimposed manner to see 1 the leads {it
exactly, one over the other. This 1s especially useful 1n
analyzing the ST segment or the T wave, 1n which case the
assessment can be made as to whether there 1s a significant
interval change between the two elements. I the leads do not
superimpose well and a difference 1n height or width of the
ST segment or T wave of the tracing 1s detected, then the
conclusion can be made that an interval change has occurred
between the two electrocardiographs with all the clinical
significance that portends.

The system 1s further configured to 1dentily any divergent
portion of two superimposed electrocardiograph leads. As an
example, a first lead can be colored yellow and a second lead
can be colored blue. Portions of the two leads that overlap
may take a green color, making areas of convergence readily
apparent to the clinician. Additionally, portions where there
1s significant divergence may take yet another color such as
red. Again, the reviewing clinician would immediately rec-
ognize areas of concern between the compared electrocar-
diographs. As some divergence 1s expected, the system can
be configured to apply a threshold value above which a
significant variance of data points 1 the superimposed
clectrocardiographs would result 1n identifying the area as
one warranting greater scrutiny. In this example, the area
may be colored red. Moreover, 1n areas of significant diver-
gence, an additional alarm can be applied to draw the
attention of the clinician to the abnormality. The alarm could
be presented as a box contamning text, an audio alert, a
message that freezes the screen until the clinician acknowl-
edges the alert, or any method suited to the display platiorm.

Multiple electrocardiographs can also be overlapped to
aggregate statistical data and generate a graphical represen-
tation of the mean or median data points. This 1s particularly
useiul for a patient with a chronic condition requiring
multiple electrocardiographs be performed.

Yet another method to compare multiple electrocardio-
graphs 1s by simultaneously tracing the plotted graphs over
the individual leads. For example, two leads can be dis-
played 1n a dual pane view, as shown in FIG. 17. Through
an additional menu (not shown), a clinician can request a
first node be positioned on one of the graphs, and the system
can provide a second node on the other graph. The first and
second nodes will represent the same distance from a
common start point, such as a point on the graph represent-
ing the start time of the electrocardiograph. The system
allows the clinician to freely place the node at a position of
interest on a graph, employing any known method for
interacting with a computer device, including, but not lim-
ited to, the use of a mouse, stylus, finger, voice activated
commands, or textual input. As the clinician manipulates the
node on a first electrocardiograph, the node on the second
clectrocardiograph will reflect the changed position of the
node on the first electrocardiograph. Thus, a more complete
and detailed visual analysis 1s provided to the clinician.
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Further, as the node traces individual data points, informa-
tion relating to that particular location on the lead can be
presented 1 a header or independent patient information
page (not shown).

Additionally, the node may follow the graph according to
a set of rules as determined by a user. The rules can
designate a portion of the electrocardiograph for the trace, a
specific lead to be analyzed, or a specified time and speed for
the trace feature. For example, a default setting may allow
the clinician to initiate the trace program, where the first
location of the node of both graphs 1s at a first time (e.g.,
when the test began). The nodes on the respective electro-
cardiographs would then progress simultaneously at a con-
stant speed. To ensure that an area of concern i1s not
overlooked, when the nodes reach a point where there 1s
significant divergence, an alert can be presented to the user
to draw attention to the abnormality 1n a fashion similar to
the alert described above. For example, 11 the trace program
1s operating automatically, as the node reaches a data point
with a significant divergence between the first and second
clectrocardiographs, the program may stop the node’s pro-
gression and provide a text alert stating that an abnormality
has been detected. The alert may also request or require a
response acknowledging receipt of the alert from the user
betfore the trace program can continue.

As yet another method to compare multiple electrocar-
diographs, a clinician can select a particular wall of the
clectrocardiograph for a focused analysis. As shown in FIG.
29, the inferior wall has been selected for independent
display, as indicated 1n toolbar 386 and lead i1dentifier 394.
Accordingly, leads 11, III, aVF and V1 associated with the
inferior wall are displayed for each electrocardiograph 382
and 384. The system 1s configured to allow the displayed
leads to be superimposed as described above. Further, the
tracing method can be performed on one or more of the
individual leads as instructed by a clinician using a menu
and 1nteractive tools described herein.

Referencing FIGS. 32 to 34, a view pane containing a
complete 12-lead electrocardiograph 1s configured to
obscure the unselected portions of the 12-lead electrocar-
diograph to allow the clinician to focus attention on the
selected 1nformation. Although examples have been
described comparing two electrocardiographs, three or more
clectrocardiographs may be compared using the methods
and devices described herein to yield similar results.

Furthermore, FIG. 35 illustrates a screenshot 400 of the
system 1 which all twelve leads are displayed with an
associated baseline. It will be appreciated, however, that the
leads can be displayed individually or in groups representing
associated anatomical structures of the heart. As shown 1n
FIG. 35, the system 1s capable of calculating a baseline for
cach lead, for example, from a cardiac cycle for a given
patient or an average value (e.g., median or mean) for
several cardiac cycles for the patient. As an example, the
baseline 410 of lead I of an ECG 1s measured as the portion
of the tracing following the T wave and preceding the next
P wave and the segment between the P wave and the
following QRS complex. In FIG. 35, the baseline 410 1s
shown as a horizontal dashed line on lead I. A similar
baseline 1s also shown across each of the remaining leads. In
a healthy heart, the baseline 1s equal to the 1soelectric line
and represents the periods in the cardiac cycle when there
are no currents flowing towards either the positive or nega-
tive ends of the leads. However, 1n an abnormal heart, the
baseline may be elevated (e.g. cardiac 1schaemia) or
depressed (e.g. myocardial infarction) relative to the 1so-
clectric line.
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The ST segment typically remains close to the 1soelectric
line as this 1s the period when no currents can flow 1n the
ECG leads. Since most ECG recordings do not indicate
where the line segment without electrical activity 1s located,
baseline depression often gives the appearance of an eleva-
tion of the ST segment and conversely baseline elevation
gives the appearance of depression of the ST segment.
Accordingly, superimposing a baseline over a lead provides
the viewer with a reference frame making recognition of a
potentially abnormal condition quicker with less likelithood
of misinterpretation, as 1s evident from FIG. 35.

Moreover, if the system 1dentifies a deviation above or
below the baseline that exceeds a predetermined threshold,
an alert can be provided to a user or physician. For example,
if the system calculates an ST segment variance as being
clevated or depressed beyond an experimentally determined
healthy level, or as compared against historical data for the
patient being treated, the system can provide a visual or
audio alert of the abnormal condition. For example, a range
of values can be established from any of a number of recent
cardiac cycles for the patient, historical data for the patient,
or an average from a population of similar patients, and a
user can be alerted any time the baseline falls outside of the
established range.

FIG. 36 1s a schematic block diagram illustrating an
exemplary system 300 of hardware components capable of
implementing examples of the present disclosed in FIGS.
1-35, such as at least a portion of the display interface
illustrated in FIG. 1. The system 300 can include various
systems and subsystems. The system 300 can be a personal
computer, a laptop computer, a workstation, a computer
system, an appliance, an application-specific integrated cir-
cuit (ASIC), a server, a server blade center, a server farm,
etc.

The system 300 can includes a system bus 302, a pro-
cessing unit 304, a system memory 306, memory devices
308 and 310, a communication interface 312 (e.g., a network
interface), a communication link 314, a display 316 (e.g., a
video screen), and an mput device 318 (e.g., a keyboard
and/or a mouse). The system bus 302 can be 1n communi-
cation with the processing unit 304 and the system memory
306. The additional memory devices 308 and 310, such as a
hard disk drive, server, stand alone database, or other
non-volatile memory, can also be in communication with the
system bus 302. The system bus 302 interconnects the
processing unit 304, the memory devices 306-310, the
communication interface 312, the display 316, and the input
device 318. In some examples, the system bus 302 also
interconnects an additional port (not shown), such as a
umversal serial bus (USB) port. The processing unit 304 can
be a computing device and can include an application-
specific itegrated circuit (ASIC). The processing unit 304
executes a set of instructions to implement the operations of
examples disclosed heremn. The processing unit can include
a processing core.

The additional memory devices 306, 308 and 310 can
store data, programs, instructions, database queries 1n text or
compiled form, and any other information that can be
needed to operate a computer. The memories 306, 308 and
310 can be implemented as computer-readable media (1nte-
grated or removable) such as a memory card, disk drive,
compact disk (CD), or server accessible over a network. In
certain examples, the memories 306, 308 and 310 can
comprise text, images, video, and/or audio, portions of
which can be available 1n different human. Additionally, the
memory devices 308 and 310 can serve as databases or data
storage for system illustrated in FIG. 1. Additionally or
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alternatively, the system 300 can access an external data
source through the communication interface 312, which can
communicate with the system bus 302 and the communica-
tion link 314.

In operation, the system 300 can be used to implement a
control system for an interactive overlay system that governs
the interaction between the administrator and user. Com-
puter executable logic for implementing the interactive
overlay system resides on one or more ol the system
memory 306, and the memory devices 308, 310 1n accor-
dance with certain examples. The processing unit 304
executes one or more computer executable instructions
originating from the system memory 306 and the memory
devices 308 and 310. The term “computer readable medium”™
as used herein refers to a medium that participates 1in
providing instructions to the processing unit 304 for execu-
tion, and can 1include multiple physical memory components
linked to the processor via appropriate data connections.

What have been described above are examples of the
present ivention. It 1s, ol course, not possible to describe
every concervable combination of components or method-
ologies for purposes of describing the present invention, but
one of ordinary skill in the art will recognize that many
turther combinations and permutations of the present inven-
tion are possible. Accordingly, the present invention 1s
intended to embrace all such alterations, modifications and
variations that fall within the spinit and scope of the
appended claims.

What 1s claimed 1s:

1. An electrocardiograph system comprising:

a set of electrodes configured to detect a plurality of
voltage differences between various pairs of locations
on a body of a patient;

a display configured to visually represent digital signals
derived from the plurality of detected voltage difler-
ences; and

a display interface configured to format the digital signals
for the display, such that they are displayed as a
sequence of proper subsets of the plurality of detected
voltage differences, each proper subset of the plurality
ol detected voltage differences comprising leads rep-
resenting a specific anatomical structure of a heart of
the patient, the display interface configured to display
the sequence ol proper subsets of the plurality of
detected voltage differences, such that each proper
subset 1s displayed for at least a predetermined amount
of time regardless of input from a user.

2. The electrocardiograph system of claim 1 further
comprising a user imterface configured to allow the user to
manipulate the display of the sequence of proper subsets of
the plurality of detected voltage diflerences by one of
magnification, zooming, rotation, and tlipping.

3. The electrocardiograph system of claim 1, wherein
cach proper subset of the plurality of detected voltage
differences comprises leads representing one of an anterior
wall, a lateral wall, an inferior wall, and a posterior wall of
the heart of the patient.
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4. The electrocardiograph system of claim 1 wherein the
plurality of detected voltage differences 1s a given plurality
of detected voltages, the system being configured to provide
another plurality of detected voltages, the display interface
configured to display the given and another plurality of
detected voltages simultaneously.

5. The electrocardiograph system of claim 4 wherein the
grven plurality of detected voltages 1s displayed 1in one of
juxtaposition and superimposition with another plurality of
detected voltages.

6. A non-transitory computer readable medium storing
machine executable instructions for displaying leads from an
clectrocardiograph, the machine executable instructions
being executable by an associated computer to perform a
method comprising:

selecting a set of lead signals associated with one of the

inferior, anterior, lateral, and posterior walls of the
heart; and
displaying the selected set of lead signals until at least a
predetermined period of time has elapsed and an 1nput
1s received from a user; and
wherein the steps of selecting a set of lead signals and
displaying the selected set of lead signals are
repeated until respective sets of leads associated with
cach of the inferior, anterior, lateral, and posterior
walls of the heart have been displayed.
7. A method for performing an electrocardiograph on a
patient comprising:
positioning a set of electrodes on the patient;
processing a first set of voltage differences measured from
the set of electrodes to provide a first plurality of lead
signals representing activity of a heart of the patient;

processing a second set of voltage diflerences measured
from the set of electrodes to provide a second plurality
of lead signals representing activity of a heart of the
patient at a time different than a time associated with
the first plurality of lead signals; and

selectively displaying the lead signals such that proper

subsets of the plurality of lead signals, each represent-
ing an anatomical structure of the heart, are displayed
in sequence to an operator, such that each proper subset
of the first plurality of lead signals 1s displayed with a
corresponding proper subset of the second plurality of
lead signals until at least a predetermined period of
time has elapsed regardless of input from the operator.

8. The method of claim 7, wherein each proper subset of
the plurality of lead signals comprises leads represents one
of an anterior wall, a lateral wall, an inferior wall, and a
posterior wall of the heart of the patient.

9. The method of claim 7, further comprising displaying
a menu to allow a user to manipulate the display of the
proper subsets of lead signals by one of magnification,
zooming, rotation, and flipping.
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